Abstract. The preschool education is compulsory to children in Malaysia. This regulation has encouraged more premises to be refurbished as a pre-school building. This paper examines the pupils' absenteeism and the prevalence of Sick Building Symptoms (SBS) initiated in congested private preschool with different ventilation strategies. The study analysed data from the attendance record of 10 classrooms and the questionnaire surveys administered to 151 parents about their children health symptoms once they were leaving the schools building. Questions on SBS used 5-point likert scale with symptoms concern on nose, eye, head, throat, skin, breath and tiredness. The descriptive and chi-square test applied to obtain the association of SBS and ventilation strategies in the classrooms. With quantitative and qualitative explanation, the unhealthy environment in refurbished preschools explained. Running nose, coughing and sore throat frequently reported in air-conditioning (AC) classrooms. The higher absent rate found in AC classrooms. These symptoms show there were weaknesses in ventilation performance and environment in the selected preschools. Further analyses on objective measurements in future research are strongly recommended.
Introduction
Indoor Environmental Quality (IEQ) in schools can have a substantial impact on children's health, as an important environment where children may be exposed to pollutants and allergens [1] . The school provides a major indoor environment for children away or apart from their home. Children may spend 10 hours per day at school [2] depending on the time they arrive at the school and the time they leave the school. It is special concerns as the pupils are susceptible to poor Indoor Air Quality (IAQ). Indoor contaminant may increase both long and short term health problems among pupils and staff, reduce the productivity of teachers [3, 4] and degrade the pupil's learning environment and comfort [5] . A significant influence from overall indoor environmental quality can effect and give the influence on student attendance and performance. Studies have shown that poor IAQ resulted more illness, absenteeism and asthma attacks.
The major exposure effects of air contaminants will be the health effects visible of the symptoms or the disease. Obviously, it influences student's performance directly or indirectly through the effects of attendance. School absenteeism is one of the main problems in public and private school. Most of the incidence for total absent episodes and percent of missed days, including those because of upper respiratory infections [6, 7] . Regards to Malaysia climate, these compilations has originate immensely among children and preschooler [7] [8] [9] [10] . Whereas it enormously affected by the weather [7] , indoor air, ventilation strategies [7] [8] [9] or the surrounding environment [10] .
Asthma reported to be the number one cause for student absenteeism due to chronic conditions and was the leading cause of hospitalization for children [6] . Epidemiological data indicated that 7.4% of school-age children report having asthma symptoms annually, and 2.8 million children between 5 and 14 years of age had a diagnosis of asthma [11] . Of students diagnosed with asthma that attend school, the majority of school nurses or 51% indicated asthma was more disruptive of school routine than other chronic diseases, and 53% stated that all students with asthma were able to participate in all school day activities including gym and/or recess, and keep up with their peers (American Lung Association, 2003) . This also mentioned in local studies where asthma and respiratory health affected the schoolchildren attendance [7, 8] .
Eventually, asthma was not the single contributing factor to student absenteeism. Outbreaks of acute infections caused by viruses, bacteria, parasites, and protozoa were documented among both students and staff in schools [12] . These types of sicknesses occurred throughout the school year and impacted on student absenteeism, which in turn influences student performance. Infectious disease was spread through person-to-person contact, by droplets or large particles spread by coughing, sneezing, or wheezing, or by fomites (self-innoculation after touching contaminated surfaces), the school building factors that influenced the transmission of infectious disease include the respiratory particles, ventilation rate, humidity, location of the building, ventilation modes, school facilities and functional state of sinks and toilets [7, 8, 13] . Design specifications related to indoor airflow, HVAC systems, windows, and controlled air ventilation were all factors that improved the quality of the indoor environment in school facilities [7, 13] . The 17 separate studies found positive health impacts measured by reduction in reported prevalence of symptoms of asthma, flu, sick building syndrome, respiratory problems, and headaches [14] .
The escalating numbers of children requiring preschool education in Malaysia has encouraged the involvement of private initiatives to meet the demand [15] . Thus, the government has encouraged more private preschool centers to be set up, involving various types of refurbished buildings with various types of property converted into classrooms to accommodate 20 to 30 pupils at a time. This, presents a challenge in providing adequate IAQ in congested areas and locations since most of the private preschools are housed in refurbished residential and commercial buildings. Some IAQ parameters are resulted from the numbers of occupants, space and the ventilation competencies. Somehow, there is a dearth information on pupils' performance in relation of SBS and absenteeism in these type of adaptive-reused building. Thus, the objective of this study are accordingly: i) Evaluate the performance of occupants/pupils in terms of health symptoms and annual attendance towards IAQ conditions in refurbished preschools, and ii) to compare the health symptoms annual absentees in different ventilation modes classrooms.
Materials and methods
Monitoring performed in 10 classrooms randomly selected (of the 5 schools) the schools are located in different districts but in 25 km radius with each other's. The selections of the schools were based on the similarities of learning and activities systems, foods types serve during recess and school hours. All the classrooms were operating in double storey terrace house (100 m 2 ). Majority of the classrooms was a bedroom. The walkthrough observation of the building (Table 1) has indicated all the buildings have located in urban, residential area and at the roadside. The environment might enclose to the other factors which can contribute to health effects. Anyhow, the distances of the main road to the buildings are varying. 4 of the classrooms are air conditioning and the other 6 classrooms are natural ventilated with ceiling fan and windows open. The whole classrooms were installed with one ceiling fan each.
The continuous monitoring of indoor and outdoor for temperature, relative humidity, carbon monoxide, carbon dioxide and air speed were all obtained using Gray Wolf Sensing Solution IQ604 Indoor Air QualityProbe(Gray Wolf sensing Solution, Shelton, CT, USA). Due to the limited instruments, YESAIR 8-Channel IAQ Monitor was used to measure only indoor formaldehyde, nitrogen oxide and ozone. Each monitor was calibrated by the factory once within the calendar year and monthly by the field research team.
In addition, the DUST Track Technology model TSI 8532 utilised to measure indoor particulate matter (PM10). The detection range was 0.001-150 mg/m3 and the resolution was 0.1 % of the reading. The log interval of the concentration data was set at every 60 seconds. Although the particle size range of the instrument was 0.1-10 mm, but during these measurements a sizeselective impactor was attached to the inlet (with a cut size of 10 µm), which pre-conditioned the size range of particles (10 µm) entering the instrument. The particle monitor was able to detect particle emission concentration within the range of 0.001-150 mg/m3 under the particle size range of 0.1-10 µm and operational temperature range of 0-50ºC.
Measurement done in three days of each classroom because of the following reason: (1)three as the optimal sample size (verify the mean and the frequency, to identify the valid minimum and maximum results), (2) sampling could be repeated if the instrument fail to measure . It were logging at every 1 minute of measurement. Atleast 8 hours per day of measurement -(the minimum of exposure to pollutants in determining SBS) (CIBSE Guide A, 2006). Measurements start at 7.30 p.m (atleast 30 minutes before the class starts) and end at 4.30 p.m. The monitors placed within a classroom at least 3 feet away from any wall and atleast 0.5m from bookshelves and out of the children's reach. The monitors always placed on the same size and model step ladder/tripod to approximate the breathing zone.
151 parents then asked and to fill up the form about their children's health symptoms. Meanwhile, the school administration permitted an access to the attendance records with notice (emergency leave), due to sickness (enclosed with evidence such as notice or medical certificates) and unnoticed leave. Result then to be analysed using Statistical Package for the Social Sciences package 17.0 (SPSS). Descriptive analysis on Sick Building Symptoms (SBS) and abenteeism, meanwhile correlation on non-parametric using ChiSquare test applies to determine any relation of sickness absentees with the classrooms ventilations modes.
Results and Discussion
In this section, the SBS of the pupil (N=151) from selected ten classrooms is reported. Questionnaires were distributed to parents to fill up. This questionnaire represented the pupils' behaviour affected by the classroom's environment. Entire SBS indications of various variables measured to ascertain which factors contributed the most to the symptom. Descriptive analysis was assessed using frequencies with five scales as shown in Table 2 and Figure 1 stated number of days annually reported with SBS. The analysis showed the majority of pupils felt the symptoms of coughing, sore throat and running nose, as these were the common symptoms in this study. The value of these symptoms has a significant association with IAQ. other parameters. When responding about their children, most incidents the parents reported were of dizziness, followed by irritation, watery eyes and nausea. The majority of them were reported to be in natural ventilation classrooms (S7-56A-R1 and KD06-R3). A certain relationship has been described between the eyes and nose that affect each other [16] .
Nevertheless, respiratory problems (running nose, sore throat, coughing, breathing problems and wheezing) were most commonly reported in airconditioning classrooms with percentages from 14.9% to 18.9%. Air conditioners might be a wellspring of indoor contamination if their cleaning is irregular, which can prompt the amassing of dirt in the filters. So, it activates the respiratory indications such as sinusitis, rhinitis, asthma and hypersensitive pneumonitis [17] . Table 4 shows the sore throat and fatigue were connected with the classroom's ventilation strategies with (χ2 = 6.438, p <0.005), (χ2 = 4.985, p <0.005) and (χ2 = 6.438, p <0.005), respectively. It specifies that natural ventilation classrooms contributed higher applicable health indications to pupil contrasted with AC classrooms owing to the outside contaminants entering the classrooms through the open windows. On the other hand, the air-conditioned S7-43D-R1 committed the most astounding number of pupils endured the symptoms. Further studies conducted on familial and pupils' history to discover the affiliation of the symptoms. Table 5 outlines distinct statistics of the absentees' information from the selected classrooms. Figure 2 has indicated that the three highest absentees due to sickness were reported from the air-conditioned classrooms, namely S7-43D-R1, S7-43D-R2 and PJ-KD3-R2 with the rate of 6.25%, 5.46% and 5.08% of yearly non-attendance, respectively. Further crosssectional studies about absenteeism, pupil's general particulars, parents' health conditions, pupils' health problems, reported SBS among pupils and houses/dwelling characteristics have been carried out in the other sections of this research study. The results have proven that the absentees for NV and AC classrooms did not provide the same value. The air-conditioned classrooms indicated higher rates of annual absentee because of the sickness (Table 6 ). Nevertheless, there was no link found between the ventilation strategies and annual leave among pupils. The absenteeism in air-conditioned classrooms was higher than the natural ventilation classrooms with 32.8% of pupils, who were absent for more than 20 days in a year because of sickness belonged to the air conditioned classrooms. The comfort and healthy level is related to the IEQ performance. Good ventilation ensures the comfort level and improve the quality of the learning environment. 
IAQ Characteristics
The findings of indoors and outdoors IAQ concentrations are summarised in Table 7 . For three air condition classrooms (S7-43D-R1, S7-43D-R2 and PJ-KD6-R1), mean indoor temperature were lower than the corresponding outdoor levels. However, the whole classrooms and respective outdoors stated higher value of mean temperature than the recommended range for acceptable indoor air quality of American Society of Heating, Refrigerating and Air-conditioning Engineers [18] at 23.0°C to 26°C. The I/O for temperature of each classroom stated in small value, range between 0.93-1.11. Generally, relative humidity in four natural ventilation classrooms (S7-43D-R3, SP15-R1, SP15-R2 and KS-SU3-R1) exceeded the [18] recommendation limit at 30%-65%. The I/O relative humidity of each classroom have shown in small ranging, except the air-condition classroom PJ-KD6-R2 at 0.76 with the lowest ratio indoor-outdoor, suggesting that the mechanical air-conditioner have controlled the indoor environment.
Indoor CO2 concentrations have been referred to as an indicator of indoor air quality. The distribution of CO2 is log-normal. The concentrations of both points (indoor and outdoor) are fluctuated and resulted insignificant to others. Meaning, the outdoor carbon dioxide concentration do not influent the indoor concentration. The mean values of outdoor carbon dioxide range between 326.13 ppm to 488.25 ppm. But, the indoor carbon oxide concentration reveals differently. Ventilation strategies and occupant density have given a significant effect to the level of CO2. The air-conditioned S7-43D-R2 classroom with density of 22 pupils stated the highest mean value of CO2 at 1680 ppm, followed by PJ-KD6-R2 air-conditioned classroom with 20 pupils' density at 1295 ppm, CO2 mean value concentration 1293ppm for PJ-KD6-R1 (pupils density: 19 people) and air-conditioned classroom S7-43D-R1( with 19 pupils density) at 1054 ppm of CO2 mean value. These 4 air-conditioned classrooms have exceeded 1000 ppm as stipulated standard limit in The Malaysian Code of Practice [19] and [18] Meanwhile, the natural ventilation classrooms (S7-56A-R1, S7-43D-R3, SP15-R1, SP-15-R2, PJ-SU3-R1) seem to have a good indoor air quality, where the indoor CO2 mean value concentrations were [18] and [19] limit. Although, S7-56A-R1, S7-43D-R1, PJ-KD6-R1 and PJ-KD6-R3 has the similar numbers of pupil density at a time but the mean values of CO2 were vary with different ventilation strategies. 
IBCC 2016
600119 Indoor concentration for PM10 was stipulated the maximum allowable concentration in inhabitant area standard is 0.15 mg/m 3 [19] . The range of mean concentrations was between 41.0 to 342.82 µg/m 3 . The mean values of particulate 10 µm for six natural ventilation classrooms (S7-56A-R1, S7-43D-R3, SP15-R1, SP15-R2, KS-SU3-R1 and PJ-KD6-R3) were beyond the Malaysian Code of Practice (DOSH, 2005) . However, The air-conditioned classrooms have maintained the PM10 level to be below the limit of Malaysia Code of Practice [19] . It clearly shows that the outdoors particles have distributed the PM10 concentration into the indoor environment.
The mean concentrations of CH2O, CO and TVOC well below the Malaysian Code of Practice [19] recommended values of 10 ppm for an 8-hour of exposure. The values were ranging between from undetectable to 0.03 ppm, 0.26 ppm to 0.83 ppm and 18.5 to 217.13 ppb respectively. The finding shows a few parameters were beyond the standard limit and suspected as a contribution to the health symptoms among occupants. Relative humidity, temperature, CO2 and respiratory particulate, PM10 were found as the inadequate parameters in this study. As mentioned earlier, Malaysia tropics condition might effects the level of temperature and relative humidity. It is impossible to get the adequate level for both environmental parameters.
Running nose, sore throat and coughing were reported higher at both ventilation classrooms. Surprisingly, sore throat, coughing and fatique were significantly perceived in NA classrooms which were recognized with the elevated indoor concentration of PM10, temperature and relative humidity. These parameters might as well contributed to the perceived symptoms among pupils in the classrooms [20] . Thus, it explained the absentees' rates for children in AC classrooms higher than the annual absentees rates among chidren in NV classrooms.
Conclusions
From this research, it can be concluded that the numbers of annual absentees among pupils in airconditioned classrooms higher than pupils in non-airconditioned classrooms. The natural ventilation classrooms with ceiling fan and opening windows had higher rates of relative humidity. The improper ventilation systems found to be one of the distribute factor to the infectious disease.
Most refurbished preschool building in Malaysia were found not to comply with minimum space regulation concerning children, teachers and staff, leading to the uncomfortable conditions and spreading out the infectious illness. It is suggested that the authorities to take this issues into consideration and provide the sufficient space for the occupants. It is also to put into account the location of the classrooms and schools when the premises being converted to the education buildings.
The other conditions such as dwellings could give significant relations to the absentees' rates. In view of children performance in refurbished private preschools it would be understandable to find that some sources are originated from indoor such as occupants and ventilation strategies. The results of the measurement show the differences arise, due to the advantage of the indoor environment.
Particularly with the high density of pupils in the classrooms in air condition classrooms has invited the high level and insufficient indoor CO2 and other contaminant sources. This is seen particularly when the high level indoors in the classroom environment contrast strongly with the air outside the preschool building. The adapted space function which previously is bedrooms is inadequately to provide a good air quality and invited few health symptoms. The improper ventilation strategies has encourage some symptoms to children especially to those are really sensitive on the presence of few parameters with the minimum dose. Yet, the symptoms of health problems may not begin when children being at school. The environmental factors such as urbanisation, industrialisation, air pollution, hygienic conditions, renovation, mould and smoke exposures, building and furnishing materials and diet have been related to increased or decreased risk, and thus prevalence, of allergic diseases and could potentially explain a part of the factor. This type of study should be extended to the biological contaminants and widely apply to other numerous of refurbished preschools in order to be better able sustaining the IAQ management strategies and to apply source apportionment methodologies. The outcomes of the studies are foreseen as a benchmark for future research to improve the preschools physicals' environment. 
